Agents with phase II enzyme inducing activities play important roles in intervening in the carcinogenic process. In the present study, the quinone reductase (QR) inducing activities of nine known triterpene saponins from the dichloromethane/ethanol extract of the roots of Pulsatilla chinensis were tested. The oleanane saponins exhibited more potent QR inducing activities than the lupane saponins, and the CD value of the compound with the most potent QR inducing activity was 1.1 µM. The chemopreventive activity of the dichloromethane/ethanol extract was also evaluated using the DMBA-induced mice model.
Pulsatilla chinensis (Bunge) Regel. (family Ranunculaceae) is listed in the Chinese Pharmacopeia and has been used for centuries in China to clear heat, expel miasma and prevent diarrhea. Previous chemical investigations of the roots of P. chinensis demonstrated the presence of triterpene saponins [1] [2] [3] [4] [5] , which exhibited moderate cytotoxic activites [1] .
Cancer chemoprevention is a strategy that aims at delaying, reducing or reversing carcinogenesis by ingesting dietary or pharmaceutical agents [9] . Phase II enzymes could protect mammalian cells against toxic insults, such as damage to DNA by electrophilic carcinogen metabolites or reactive oxygen species, and thus serve as important molecular targets in the cancer prevention process [6, 7] . Quinone reductase (QR) is one of the phase II enzymes and could protect mammalian cells by converting toxic quinones to hydroquinones and reducing oxidative cycling. Thus, induction of QR is an important detoxification pathway and could efficiently reduce the risk of carcinogenesis in the life processes [8] .
The murine hepatoma cell line Hepa 1c1c7 contains easily measurable QR and often serves as a reliable and highthroughput system for discovering phase II enzyme inducing agents [9] . The QR induction assay is often accomplished by comparing the inducing capability of a test sample in wild-type Hepa 1c1c7 cells with its mutant cell line c1 cells. C1 cells are derived from Hepa 1c1c7 cells, but lack cytochrome P4501A1-dependent aryl hydrocarbon hydroxylase (AHH) activity. Since some phase I enzyme inducing agents could be activated by AHH and further induce the expression of phase II enzymes, using the above two cell lines allows the determination of whether the test sample is a monofunctional (inducing phase II enzymes only) or bifunctional inducing agent (inducing both phase I and II enzymes) [10] . In the present study, twelve known triterpene saponins were isolated from the dichloromethane extract of the roots of P. chinensis. The QR inducing activities of nine of these compounds in Hepa 1c1c7 and c1 cells were tested.
The crude ethanol extract of the roots of P. chinensis was extracted with light petroleum, dichloromethane/ethanol and n-butanol, respectively. We first tested the QR inducing activities of the light petroleum (PEF), dichlormethane/ethanol (DF) and n-butanol (BF) fractions. QR inducing activity was indicated by the CD value (the concentration required to double the QR inducing activity of the control group). 4′-Bromoflavone (4′-BF) was tested as the positive control with a CD value of 0.01 μM. CD values for PEF, DF and BF were 1.1, 1.9 and 3.1 μg/mL, respectively ( Table 1 ). Since previous results had indicated that most compounds in the PEF were fatty acids [11] , and BF showed only relatively weak QR inducing activity, DF was chosen for further study. The dichloromethane/ethanol fraction was subjected to column chromatography on silica gel, and then separated by preparative HPLC. Twelve known triterpene saponins were isolated and identified on the basis of spectroscopic (NMR, IR and MS) analysis. The chemical structures of compounds 1-12 are shown in Figure 1 . Next, nine compounds (compounds 2, 4 and 12 were not included because of their high cytotoxicities) were tested for their QR inducing activities in vitro. The CD values of compounds 1 and 3 were more than 4.0 μM, and those of compounds 5-11 were less than or equal to 3.0 μM, except for compounds 6 (CD value = 6.5 μM) and 7 (CD value = 4.2 μM) ( Table 1) . Therefore, oleanane saponins might possess more potent QR inducing activities than lupine saponins. For oleanane saponins, compounds 5, 9, 10 and 11, substituted with a hydrogen atom at C-28 and C-23, showed higher QR inducing activities than compounds 6 and 7, which were substituted with a hydroxyl group at C-23, indicating that the hydroxyl group at C-23 might attenuate the QR inducing activity. Interestingly, compound 8, substituted with a hydroxyl group at C-23, showed the highest QR inducing activity (CD value = 1.1 μM), which might be attributable to the length of the sugar chain. Compounds with a short sugar chain (5 and 8) showed relatively higher QR inducing activities. Overall, the results indicated that the R 1 and R 3 groups of oleanane saponins both play important roles in their QR inducing activities. In addition, the QR induction assay was also investigated in c1 cells to determine if the test compounds were either monofunctional or bifunctional inducers. All the compounds exhibited low QR inducing activities, indicating they might be bifunctional inducers of both phase I and II enzymes.
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Subsequently, we investigated the chemopreventive activity of the dichloromethane/ethanol extract in the mice model. Five groups were set up, and the experiment groups were treated with DMBA to induce mutagenesis in the skin [12] . After 12 weeks, the groups treated with the 0.01 µM a Cell viabilities were determined in Hepa 1c1c7 cells using the same concentration as those in the QR induction assay in Hepa 1c1c7 cells; b The sample was tested at a concentration of 4.1 µM, and its QR inducing activity was 1.9-fold increased from that of the control; c 4'-BF (4'-bromoflavone) was tested as the positive control. dichloromethane/ethanol extract showed tumor inhibitory activities compared with the control group. The mice administrated with soybean oil were selected as the control group and the mice administrated with 30 mg/kg retinoic acid dissolved in soybean oil were selected as the positive group. The tumor inhibitory rate of the control group was defined as 0. The positive group exhibited a tumor inhibitory rate of 42.8%, while the experimental groups administrated with different concentrations of the dichloromethane/ethanol extract showed tumor inhibitory rates of 24.8% (300 mg/kg), 25.9% (160 mg/kg) and 20.1% (80 mg/kg), respectively. The results indicated that the dichloromethane/ethanol extract of P. chinensis exhibited moderate tumor inhibitory activities, and there were no significant differences between the inhibitory rates of the different concentrations of the dichloromethane/ ethanol extract.
In summary, nine triterpene saponins were isolated from P. chinensis and investigated for their QR inducing activities. Oleanane saponins (compounds 5-11) exhibited more potent QR inducing activities than lupine saponins (compounds 1 and 3) . It was demonstrated that R 1 and R 3 groups of oleanane saponins play important roles in their QR inducing activities. All the compounds showed low QR inducing activities in c1 cells, suggesting that these compounds were bifunctional inducers. In addition, the chemopreventive activity was investigated of the dichloromethane/ ethanol extract in the DMBA-induced mice model. The tumor inhibitory rates showed that the dichloromethane/ ethanol extract and nine triterpene saponins isolated from it showed potential cancer chemopreventive activities and certainly merited continued and comparative study in the future. General methods: IR spectra were measured on a JASCO FTIR4100 spectrophotometer. 1 H and 13 C NMR spectra were recorded by a Bruker AMX-400 spectrometer. Mass spectra were obtained using a LCQ Deca XP plus ESI ion trap mass spectrometer (Thermo Finnigan, USA). Silica gel (300-400 mesh, Qingdao Chemical Group, China) was employed for column chromatography. Preparative HPLC was performed on an Agilent 1200 HPLC system (Agilent Technologies, Germany) using a Zorbax SB-C 18 column (21.2 mm × 250 mm, 10 μm). The colorimetric assay was performed on an EL800 Microplate reader (BIO-TEK Instruments INC., USA).
Extraction and isolation:
The dried roots of P. chinensis (3 kg) were extracted with 95% ethanol (1 L × 3) to give a crude ethanol extract. The residue was dissolved in distilled water (2 L) and extracted with light petroleum (3 × 2 L), dichloromethane/ethanol (9:1, 3 × 2 L) and n-butanol (3 × 2 L), respectively. The dichloromethane/ ethanol fraction (60 g) was subjected to silica gel column chromatography (5 × 50 cm, 300-400 mesh) and eluted with light petroleum (60-90ºC)/acetic ether to obtain Frs. A-Q (1:0, 100:1, 50:1, 30:1, 20:1, 10:1, 5:1, 2:1, 1:1, 1:1.5, 1:3, 1:10, each 3 L) and dichloromethane/ methanol to obtain Frs. R-Y (20:1, 15:1, 10:1, 5:1, 3:1, 2:1, 1:1, each 3 L). Fr. W was separated by preparative HPLC using acetonitrile/H 2 O as the mobile phase (gradient: 20-70% acetonitrile in 30 min) to obtain compounds 1 (9.8 mg, t R = 15.0 min), 4 (20.9 mg, t R = 19.5 min), 7 (17.8 mg, t R = 25.0 min) and 9 (28.9 mg, t R = 28.5 min). Fr. V was separated by preparative HPLC using acetonitrile/H 2 O as the mobile phase (gradient: 20-70% acetonitrile in 40 min) to obtain compounds 6 (14.7 mg, t R = 28.0min), 10 (22.3 mg, t R = 33.0 min) and 11 (32.8 mg, t R = 36.0 min). Fr. U was separated by preparative HPLC using acetonitrile/H 2 O as the mobile phase (gradient: 35-90% acetonitrile in 30 min) to obtain compounds 2 (6.1 mg, t R = 18.0 min), 3 (19.7 mg, t R = 25.0 min), 5 (12.3 mg, t R = 26.5 min), 8 (24.5 mg, t R = 19.5 min) and 12 (7.4 mg, t R = 22.5 min).
Quinone reductase induction assay:
Quinone reductase inducing activity was assessed using Hepa 1c1c7 and c1 cells, as described previously [13] . Induction of quinone reductase activity was determined by comparing the specific activities of quinone reductase in sample-treated and DMSO-treated cells. Experiments were carried out 3 times on separate occasions.
Cell viability assay:
The cell viability was tested by crystal violet assay, as described previously [14] . Experiments were carried out 3 times on separate occasions.
Animal experiments:
Eight weeks old male ICR mice were used with an average weight of about 20 g. The mice were randomized into 3 treatment groups and treated with 80, 160 and 300 mg/kg dichloromethane/ethanol extract dissolved in soybean oil 3 times/week, respectively. The mice administrated with soybean oil were selected as a control group and the mice administrated with 30 mg/kg retinoic acid dissolved in soybean oil were selected as the positive group. DMBA (150 μg dissolved in 200 μL) was smeared onto the interscapular region of each mouse 3 times on the 1st, 7th and 14th days. After 4 weeks, croton oil was smeared on the same region. After 12 weeks treatment, the tumor inhibitory rates were calculated.
